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This study  was  carried  out  to understand  the  effect  of  herbal  maturation  diet on reproductive  successes  in
Etroplus  suratensis.  Three  herbal  maturation  diets  (EXD1,  EXD2,  EXD3)  and  one  control  diet (EXD0)  were
prepared  with  different  combinations  of  herbal  ingredients  and  normal  diet  ingredients.  The  experimen-
tal  animal  were  observed  for  the  success  in  reproductive  performance  like Gonado  Somatic  Index  (GSI),
fecundity,  striping  response,  percentage  of fertilization,  percentage  of  hatching,  percentage  of deformed
and  formed  larvae,  volume  of  milt,  number  of  sperm  cell,  percentage  of  sperm  motility,  sperm  survival




striping  responds  (87.23),  percentage  of fertilization  (96.45)  percentage  of  hatching  (91.89), percentage
of  formed  larvae  (87.53),  volume  of  milt (287 l), number  of  sperm  cell per l (1912)  percentage  of  sperm
motility  (94.18),  time  of  sperm  survival  (72′15′′) and  percentage  of  active  sperm  cells  (92.27)  and  reduced
deformed  larva  percentage  (4.36).  From  this  observation  it is  more  evident  that  the  combination  of  EXD3
was  the  best  combination  and  it could  be utilized  for the  formulation  of maturation  diets  for  E. suratensis.
© 2015  Published  by Elsevier  B.V.  This  is an  open  access  article  under  the  CC  BY-NC-ND  license. Introduction
The members of the family Cichlidae are well known among the
chthyologists and Aqua culturists, as evident from the wide distri-
ution and cultivation of African species all over the world. Etroplus
uratensis (Bloch, 1985) is the only native representative of this
amily from the Indian subcontinent, has promising culture poten-
ial. This species has wide acceptability and is even considered as
elicacy in certain regions.
The works conducted in this direction revealed that the herbal
roducts are effectively useful in preparation of herbal maturation
iet (Citarasu et al., 2003; Immanuel et al., 2003; Michael Babu et al.,
001, 2009; Sivaram et al., 2004) and other group of herbals have
een proved as aphrodisiac and they control over the reproduc-
ive success and quality larval productions (www.natrakol.com)
erbs, rich sources of immune enhancing substances, are used to
romote health, increase the body’s natural resistance to infection
nd in prevention and treatment of various diseases (Devasagayam
nd Sainis, 2002) Application of immunostimulants such as plant
xtracts signiﬁcantly enhances the phagocytic activity in various
sh (Gopalakannan and Arul, 2006).
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There are some internationally reputed companies that have
also been involved in manufacturing maturation diet for ﬁsh
and shrimp from herbals. An Australian based aqua feed com-
pany named Nutra-Kol Nutrition solution (www.natrakol.com)
produces a herbal maturation diet called Nutra-Kol (Nutra brood).
This herbal maturation diet helps to enhance maturation by
the way of reducing stress and regulate the hormonal cycle.
This formulation includes adaptogenic, hepatoprotective, antiox-
idant and immunomodulator herbal extracts. This also enhances
hepato-pancreas activity and there by offers efﬁcient digestion and
assimilation of feed nutrients.
Herbal preparations prepared by Michael Babu (1999) helps to
stimulate spermatogenesis in male ﬁsh and gonadal maturation
and high egg viability in female ﬁsh. This helps to achieve natu-
ral viable spawners especially out of season, improves egg quality
and fecundity. Aids better hormonal and cellular immune response,
increase resistance to speciﬁc and non speciﬁc infections, enhances
hepato-pancreas activity and thereby efﬁcient digestion and assim-
ilation of feed nutrients, maintains feed intake during inclement
weather, natural and safe with no side effects for shrimp and ﬁsh.
Application of the traditional medicines in aquaculture to over-
come the drawbacks in the usage of chemical therapeutics is
relatively new venture and the potential of the herbals with multi-
functional active principles are promising (Immanuel et al., 2003;
Sambu and Jaaprakas, 2001; Silas et al., 1985; Sivaram et al., 2004;
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ination of Withania somnifera and Mucuna pruriens with other
erbals signiﬁcantly inﬂuenced the maturation and offspring qual-
ty of the spent spawners of Penaeus monodon (Citarasu et al., 2002;
ichael Babu, 1999). Development of conﬁned maturation system
or the E. suratensis is found to be difﬁcult.A few studies has suc-
edded the conﬁned maturation system of this ﬁsh. The present
ork aims to study the roll of herbal preparations in reproductive
erformance in E. suratensis.
. Materials and methods
.1. Artiﬁcial feed preparation and feeding
Equal proportion of three herbal extracts namely, M.  pruriens
prepared in methanol) W.  somnifera (prepared in ethanol)
oringa oleifera (resin) in combination were incorporated
n four experimental diets containing 0 mg/Kg (control),
P:WS:MO (1:1:1) 600 mg/Kg,(200 mg  each);MP:WS:MO
2:1:2) 600 mg/Kg,(240:120:240 mg/Kg) and MP:WS:MO (1:2:1),
150:300:150 mg/Kg) 600 mg/Kg of extract mixture. Diets were
repared following the basal ratio of Jia and Wu,  (Jian and Wu,
003). The basal diet contained 45.1% protein, 7.2 lipids, 14.6%
sh, 7.1% moisture and 3% ﬁbre. To prepare the feeds, ingredients
ere mixed thoroughly and 4% gelatin solution containing active
rinciples in appropriate concentration was added along with oil
ngredients. Sufﬁcient water was added and adjusted the pH to
 ± 0.1. After that the mixture was cold extruded, cut into pellet,
ir dried and stored at room temperature. The E. suratensis were
ed thrice in a day at 8:00, 13:00, and 18:00 h at 10% of the body
eight basis. Uneaten food and faecal matters were removed
efore feeding. Four experiment diets treatments were prepared
Table 1).
They are,
. EXD0—control (without inclusion of herbal extracts).
. EXD1—herbal maturation diet prepared from M.  pruriens, W.
somnifera, M.  oleifera (1:1:1).
. EXD2—herbal maturation diet prepared from M.  pruriens, W.
somnifera, M.  oleifera (2:1:2).
. EXD3—herbal maturation diet prepared from M.  pruriens, W.
somnifera, M.  oleifera (1:2:1).
.2. Experimental set up
The breeding method adopted here is the natural method in 5
one water capacity FRB tanks of 1 m height. No artiﬁcial hormones
ere administered and only herbal maturation diets were fed to the
reeder. The sizes of the female and male ﬁsh were 250 ± 50 g.The
hysiological parameters in the water were salinity 5 ppt, temper-
ture 30 ± 2 and pH 8.2 ± 0.5.5–10% water exchange were given
aily. Tanks were watched daily for the deposition of eggs on the
ubstratum placed for egg attachment. Each diet was  fed to the
rood ﬁshes of ten numbers each in ﬁve experimental tanks. Among
he 10 brood ﬁsh in each tank, 6 brood mothers were randomly
elected for spawning and in the same manner; the spawners were
lso selected from all the 5 tanks.
.3. Fecundity
The fecundity noticed here was the absolute fecundity. Fecun-
ity of a single spawner was calculated by counting the total eggs
eleased at a single spawning (Citarasu, 2010). Counting was  made
y random sampling of eggs collected at ﬁve different places. Num-
ers of eggs counted in the entire ﬁve samples were totalled andeports 2 (2015) 58–62 59
the sum was  divided by the total number of sample and multiplied




where Ae—average number of egg in the collected sample.
SWv—sample water volume.
Tv —total volume of water in the spawning tank.
2.4. Percentage of egg fertilization
The percentages of egg fertilization was assessed by collecting
10 eggs from each tank and in total 50 eggs were collected from 5
tanks to calculate the percentage of fertilization. By examining the
eggs under compound microscope (10×), the fertilized eggs were
identiﬁed by the presence of fertilization membrane and embryo
development.
Percentage of fertilize egg = No. of fertilize eggs
Total no. of eggs (fertilized + unfertilized) × 100
2.5. Percentage of normal and abnormal embryo development
The percentages of normal and abnormal embryo development
was assessed by collecting 10 eggs from each tank and in total 50
eggs were collected from 5 tanks to calculate the percentage of
normal and abnormal embryo development
The fertilized eggs were collected after 36 h from fertilization
and were examined under microscope. The embryos showing nor-
mal  and abnormal developments were noted with the help of
standard reference (Michael Babu et al., 2008; Treece and Yates,
1988).
2.6. Hatching and hatching percentage
The percentages of hatching was assessed by collecting 10 eggs
from each tank and in total 50 eggs were collected from 5 replicate
tanks to calculate the percentage of hatching. Hatching was  carried
out by aerating the spawned eggs in the hatching tank. The process
of hatching started 60 ± 10 h after egg release and got completed
within 84 h, depending upon the egg condition, temperature and
aeration.
When eggs were removed form the parents and separately
incubated in hatching tanks with proper aeration and light. The
incubation period of the egg was 3–4 days based on temperature pH
and oxygen content of the tank water. The temperature pH and oxy-
gen maintained were 30 ± 2, 8.2 ± 0.5.5 and 5 mg/ml  respectively in
the tank water. After 3rd day, the eggs were noticed for hatching.
After complete hatching, the hatched out larvae were scooped out
in to separate larval rearing FRP tank of 50 l capacity having blue
colour coated inner surface.
Hundred number of fertilized egg from each treatment were
randomly removed from spawing tank and incubated in the hatch-
ing tank under normal condition (temperature 30 ± 2, pH 8.2 ± 0.5.5
and oxygen 5 mg/ml). The hatching process completed within
60–80 h after spawing. Later the percentage of hatching was calcu-
lated using following formula explained by Boonyaratpalin (1993).
Percentage of hatching = No. of eggs hatched
Total no. of eggs (fertilized + unfertilized) × 100
After the hatching process, the larvae were separated with the
help of 1000 m net. Thus, all the larvae were carefully collected
and sacriﬁced with lugolı´s solution (Lugol’s iodine, also known as
Lugol’s solution, ﬁrst made in 1829, is a solution of elemental iodine
and potassium iodide in water, named after the French physician
J.G.A. Lugol.) for easy counting.
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Table 1
Percentage composition of ingredients in the 40% protein diet with herbal maturation product.
SI. no. Ingredients (EXD0)a EXD1b EXD2c EXD3d
1 Fishmeal (g) 235 235 235 235
2  Ground nut oil cake (g) 125 125 125 125
3  Soya bean meal (g) 60 60 60 60
4  Rice bran (g) 30 30 30 30
5  Sea weed (g) 20 20 20 20
6  Tapioca powder (g) 15 15 15 15
7  Vitamin and minerals (g) 5 5 5 5
8  Cod liver oil (ml) 10 10 10 10
9  Plant extract (mg) - 600 600 600
10  Gelatin (g) 5 5 5 5








































ub EXD1—herbal maturation diet prepared from Mucuna prurience, Wittania somni
c EXD2—diet prepared from Mucuna prurience, Wittania somnifera, Moringa oleife
d EXD3—diet prepared from Mucuna prurience, Wittania somnifera, Moringa oleife
.7. Milt collection
Male ﬁsh from aquaculture stocks were starved one day before
ollection to minimize facal contamination. The common anes-
hetic agent, MS222 was used to anesthetize the ﬁsh E. suratensis.
ry towel was used to wipe abdomen and urogenital papillae until
ry. A tube was inserted in to genital pore of E. suratensis and its
bdomen was gently pressed to expel milt. The milt was collected
n a syringe to avoid contamination (Murua et al., 2003).
.8. Sperm quality assessment
Micropipette was used to drop about 2 l of milt and about 50 l
f activating solution (4.5% NaCl, fertilization solution or freshwa-
er for freshwater ﬁsh) nearby on slide. A tiny glass rod was  used to
ip the two drops for activate sperm to motile, and then looked
or motile sperm under microscope at 100× magniﬁcation of a
ompound microscope (Kathi Lefebvre et al., 2004; Thorsen. et al.,
003) .Three parameters for measuring sperm quality are described
elow:
.9.1. Percentage of motile sperm
The sperm those move straight and actively under microscope
Michael Babu and Peter Marian, 2000) are consider as good sperm
nd the sperm that showed circular motion or moving towards
ater current are treated as low quality sperm. The percentage of
otility was calculated using the following formula:
ercentage of motile sperm = Number of mobile sperm counted
Total number of sperm counted
× 100
.9.2. Moving time
It is the time in seconds required for 90% of sperms to stop move-
ent. The moving time was recorded. As the moving time is species
peciﬁc, it was necessary to record it.
.9.3. Counting of active sperm cells, sperm motility and time of
perm survival in water (Zilli et al., 2008)
Before the semen collection, ﬁsh were anaesthetized in 2-
henoxyethanol solution (0.3 ml/l). Milt samples were collected
y stripping, avoiding the water, urine, and faeces contamination
nd transported on ice (2 ◦C) to the laboratory. Seminal plasma was
btained by centrifugation (8000 × g, 10 min) within 12 h after sam-
ling and stored at −70 ◦C until used. Sperm motility (in 0.5% NaCl
ctivating solution) was estimated using a light microscope (400×)
nd expressed as a percentage of motile spermatozoa. The dilu-
ion of sperm/solution ratio was approximately 1:6 (5 l of milt
nd 30 l of NaCl). Only the progressive straight-line movement
f spermatozoa was noted. Sperm concentration was estimated
sing a spectrophotometric method described by (Viveiros andoringa oleifera (1:1:1).
:2).
:1).
Godinho, 2009). Sperm concentration and motility were statisti-
cally analyzed using one-way analysis of variance (ANOVA) (Zilli
et al., 2008).
3. Result
The fecundity was  maximum in the combined herbal matura-
tion diet treatment EXD3 (1325 eggs), followed by EXD2 (1050
eggs), EXD1 (912 eggs) and it was  minimum (612 eggs) in the
EXD0. The striping response was also the high in the dual herbal
maturation diet treatment EXD3 (87.23 eggs), followed by EXD2
(79.63 eggs), EXD1(72.65 eggs) and in EXD0, it was  only 55.32
eggs. The percentage of fertilization, percentage of hatching, per-
centage of deformed larvae and percentage of normal larvae were
also measured. The percentage of fertilization was  maximum in
EXD3 (96.45), and followed by EXD2 (80.34), EXD1 (73.47), and
EXD0 (55.34). The percentage of hatching was also maximum in the
combined herbal maturation diet EXD3 (91.89), followed by EXD2
(76.48), EXD1 (62.36) and it was minimum in the EXD0 (36.76).
The percentage of deformed larvae was lowest in EXD3 (12.47%),
followed by EXD2 (21.68%), EXD1 (31.68%) and EXD0 (50.27%). The
highest percentage of normal larvae was observed in the combined
herbal maturation diet, EXD3 (87.53), followed by EXD2 (78.32),
EXD1 (68.32) and it was minimum in the EXD0 (49.49). The data
recorded are presented in Table 2.
The volume of milt was  maximum (287 l/ﬁsh) in EXD3 diet fed
animals, followed by EXD2 (281 l/ﬁsh), EXD1 (267 l/ﬁsh) and it
was the minimum level in the EXD0 (245 l/ﬁsh). The number of
sperm cells was  also highest (1912/l) in EXD3 diet fed animals,
followed by EXD2 (1650/l), EXD1 (1615/l) and it was  the lowest
in the EXD0 (1445/l). The percentage of sperm motility was also
increased to the highest level in EXD3 treatment (94.18%), followed
by EXD2 (92.57%), EXD1 (84.12%) and it was  found to be minimum
in the EXD0 (60.23%). The percentage of sperm motility and time
of sperm survival also increased in EXD3 treatment (72′15′′), fol-
lowed by EXD2 (59′35′′), EXD1 (34′25′′) and it was found to be less
time in the EXD0 (22′25′′). The percentage of active sperm cells also
increased to the highest level (92.27) in EXD3 treatment, followed
by EXD2 (86.62), EXD1 (81.24) and in EXD0 (65.66%). The results
recorded are present in Table 3. Statistical analysis (Student’s ‘t’
test) revealed that the volume of milt collected between EXD0 and
EXD1 showed signiﬁcant variation (t = 23.73; df = 1; P < 0.05). The
EXD2 treatment also showed signiﬁcant effect in volume of milt
(t = 14.611; df = 1; P < 0.05). The student’s‘t’ test also showed a sig-
niﬁcant effect in volume of milt due to EXD3 treatment (t = 12.66;
df = 1; P < 0.05). Similarly, number of sperms showed signiﬁcant
variation due to different treatments (EXD0 vs. EXD1 t = 531.83,
df = 1, P < 0.05; EXD0 vs EXD2 t = 117.12, df = 1, P < 0.05; EXD0 vs
EXD3 t = 69.81, df = 1, P < 0.05).
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Table  2
Effect of herbal maturation diets on fecundity, striping response, fertilization, hatching, and larval production in E. suratensis.
Sl. No. Parameters EXD0 Herbal maturation diet
EXD1 EXD2 EXD3
1 Weight of females (g) 320.16 ± 20.85 338.41 ± 21.78 339.52 ± 20.62 341.37 ± 20.82
2  Gonadosomatic index (GSI) 1.82 ± 0.35 2.52 ± 0.48 2.93 ± 0.47 3.14 ± 0.46
3  Fecundity 612 ± 26.65 912 ± 34.65 1050 ± 42.52 1325 ± 46.78
4  Stripping response 55.32 ± 3.88 72.65 ± 4.66 79.63 ± 5.78 87.23 ± 5.96
5  Percentage of fertilization 55.34 ± 3.92 63.47 ± 5.72 70.34 ± 6.41 96.45 ± 6.55
6  Percentage of hatching 56.76 ± 3.82 62.36 ± 3.75 71.48 ± 4.22 91.89 ± 4.22
7  Percentage of deformed larvae 11.27 ± 0.29 7.04 ± 0.21 6.16 ± 0.18 4.36 ± 0.18
8  Percentage of formed larvae 49.49 ± 1.85 68.32 ± 1.78 78.32 ± 1.82 87.53 ± 1.82
Table 3
Number of sperm cells, sperm motility, and time of sperm survival in herbal administered E. suratensis.
Treatments Volume of milt (l/ﬁsh) Number of
sperm cells/l
% of sperm motility
(%)












































aEXD1  267 ± 22.15 1615 ± 86.53
EXD2  281 ± 24.45 1650 ± 89.14 
EXD3  287 ± 25.13 1912 ± 98.23 
. Discussion
The study on comparison of fecundity, stripping response, per-
entage of fertilization, hatching, deformed larvae, and percentage
f normal larvae from experimental and control revealed that the
erbal maturation diet EXD3, EXD2, and EXD1 administered treat-
ents showed higher, fecundity, striping response, percentage of
ertilization, hatching, and normal larvae than the EXD0 in all these
arameters. The percentages of deformed larvae were minimum in
XD3 and followed by EXD2, EXD1, and in EXD0 it was the maxi-
um.  These result showed that there might be an inﬂuence of these
erbal maturation diets in increasing or decreasing the percentage
f all these parameters in the experimental ﬁsh.
The present study showed an interesting feature on GSI by
howing an increase in the level of it in the herbal maturation
iet administered treatments. It revealed that there might be an
nﬂuence of herbal maturation diets EXD3, EXD2, and EXD1 in
articularly of increasing the GSI than the EXD0. Earlier work of
Sarosiek et al., 2012) stated that an increased level of GSI from
.21 to 3.27 was observed in oocytes mainly during the migration
f Androctonus australis. At this stage, the level of GSI was  maxi-
um.  It showed that when migrating to a new environment, the
sh could get some of kind diet that might have triggered the level
f GSI. This view supported indirectly to our data that the herbal
aturation diets also have enhanced the GSI level.
The data on the present study revealed that the herbal matura-
ion diet increased fecundity when compared with the EXD0. The
nﬂuence of herbal administration causing increase in fecundity
as already been reported (Canyurt and Akhan, 2008; Ciereszko
nd Dabrowski, 1993; Krol et al., 2006; Michael Babu et al., 2009;
ichael Babu, 1999). The earlier studies by the above mentioned
esearchers stated that a higher rate of fecundity was achieved
n the herbal diet administered ﬁsh. (Michael Babu, 1999) also
onﬁrmed the inﬂuence of herbal maturation diet on P. monodon
rooder.
The data obtained in the present work also showed that the
erbal administered ﬁsh showed an increased level in striping
esponse than the EXD0. It revealed that the combined and sin-
le administration of herbal maturation diets caused an inﬂuence
n body growth and also on sexual growth and that caused the
igher number of egg production at a time and an increased quan-
ity of milt. Earlier studies of (Michael Babu, 1999) and (Browdy
nd Samocha, 1985) also supported our ﬁndings. The earlier84.12 ± 8.31 34 25 81.24 ± 8.32
92.57 ± 9.16 59′35′′ 86.62 ± 8.54
94.18 ± 9.23 72′15′′ 92.27 ± 8.68
ﬁndings stated that the herbal maturation diet have more effect on
somatic growth and reproduction success in P. monodon and also
the experimental animal gained body and the reproductive success
during the herbal maturation diet administration.
In the present study, an increased percentage of fertilization was
recorded in EXD3 administered E. suratensis,  than the EXD2, EXD1,
and EXD0. This showed that there might be an inﬂuence of herbal
maturation diet, EXD3 in particularly enhancing the percentage of
fertilization. Earlier studies of (Emmerson, 1980) analyzed the per-
centage of fertilization in the Salmo trutta abanticus and reported
an enhanced rate in percentage of fertilization is due to nutritive
feeding of brooders.
The data obtained in the present study showed that there was  a
signiﬁcant increase in the percentage of hatching in EXD3, followed
by EXD2 and EXD1 treatment than the EXD0. This showed a strong
inﬂuence of the herbal maturation diets on enhancing the percent-
age of hatching. It might be expected that the quality egg cause
an increased percentage in hatching. As the herbal maturation diet
administered E. suratensis developed quality eggs, the percentage of
hatching might also have increased in the herbal administered ﬁsh
(Michael Babu et al., 2009) in 2009 also proved in his study that the
herbal maturation diet enhanced the quality egg production and
thereby increase the percentage of hatching.
Earlier studies of (Lokman et al., 1998) showed an increased
level in the percentage of hatching in the M.  pruriens (MP) extracts
than the control spawners (P < 0.05). (Michael Babu, 1999) observed
an increased level of hatching percentage in different size groups
of spawners such as 100, 120, 140, 160, 180, and 200 g treated
with WS  (W.  somnifera).  Increasing egg hatchability was  attained
by supplementing HUFA in a penaeid broodstock diet (Michael
Babu, 1999; Primavera and Posadas, 1981). This supplementation
induced a decrease in alpha tocopherol concentration in the brood-
stock which helps to release the good quality of eggs that enhanced
the level of percentage of hatching.
The result of the present study showed that there was  a decrease
in the percentage of deformed larvae and an increase in the per-
centage of normal larvae obtained from herbal maturation diets
administered brooders. This revealed a fact that the herbal matu-
ration diet might be a reason in decreased percentage of deformed
larvae and increased percentage in normal larvae of E. suratensis.  It
would be expected that the herbal maturation diets may  enhance
the needful compound for healthy normal larval formation in the
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determining sperm motility initiation in two  Sparids (Sparus aurata and2 S.A. Dhas et al. / Aquacu
ration diet might cause both decreased percentage of deformed
arvae and increased percentage of normal larvae. This showed the
nﬂuence of herbal maturation diet for increasing formed and lar-
ae. Earlier work done by (Michael Babu, 1999) stated that a poor
uality of Penaeid eggs were improved and the abnormal larval
evelopment was reduced by feeding the herbal maturation diets
repared with MP  and WS  herbals.
The consumption of herbal maturation diets EXD3, EXD2, and
XD1 might have inﬂuenced to increase the volume of milt, num-
er of sperm cells, percentage of sperm motility and time of sperm
urvival and percentage of active sperm cells. An earlier study has
lso stated that the intensive aquaculture increased the need for
fﬁcient and effective means of conserving ﬁsh sperms. The work
one by (Primavera, 1985) revealed that the effect of feeds prepared
rom plant materials increased the viability, motility and surviv-
bility of the sperm. Quality sperm is an essential component in
ny successful animal production and the success of reproductive
rocess is depending on supply of high quality sperms.
The herbal maturation diet experimented here has overcome
he problems created by the chemical hormones and from the
esults obtained here, proves the positive effect of herbal matu-
ation diets. This observations obtained in this study will deﬁnitely
pen a new avenue for the possible use of herbal maturation diet
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